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METHOD, APPARATUS AND SYSTEM FOR
MULTI-ANTENNA TRANSMISSION

CROSS-REFERENCE TO RELATED
APPLICATIONS

The application is a continuation of International Applica-
tion No. PCT/CN2012/078379, filed on Jul. 9, 2012, which
claims priority to Chinese Patent Application No.
201110189461.4, filed on Jul. 7, 2011, both of which are
hereby incorporated by reference in their entireties.

FIELD OF INVENTION

Embodiments of the present invention relate to communi-
cation technologies, and more particularly, to a method, an
apparatus and a system for multi-antenna transmission.

BACKGROUND OF THE INVENTION

In multi-antenna transmission of a communication system,
such as a long term evolution (Long Term Evolution, LTE for
short) system and a long term evolution advanced (Long Term
Evolution Advanced, LTE-A for short) system, a user equip-
ment (User Equipment, UE for short) feeds back channel state
information (Channel State Information, CSI for short) to a
base station, such as an evolved node B (Evolved NodeB,
eNB for short). The CSI includes a rank indicator (Rank
Indicator, RI for short), a precoding matrix indicator (Precod-
ing Matrix Indicator, PMI for short) and other information,
for example, a channel quality indicator (Channel Quality
Indicator, CQI for short). The eNB may determine a precod-
ing matrix according to the RI and the PMI fed back by the
UE, and precoding data to be transmitted using the precoding
matrix. Similar to this, the base station may determine and
indicate an RI and a PMI used by the UE for uplink data
transmission by measuring an uplink channel.

However, an existing codebook is mainly designed based
on a conventional co-located antenna configuration. With
regard to a distributed antenna configuration or a large-spac-
ing cross-polarized antenna configuration, a precoding
matrix obtained according to the above-mentioned design
method can not match with a transmit spatial autocorrelation
matrix, thereby resulting in a degradation in precoding per-
formance.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide a method,
an apparatus and a system for multi-antenna transmission, so
as to enhance precoding performance and improve system
throughput.

In one aspect, an embodiment of the present invention
provides a method for multi-antenna transmission, including:

selecting, by a receiving end device, a first precoding
matrix indicator and a second precoding matrix indicator; and

feeding back, by the receiving end device, the first precod-
ing matrix indicator and the second precoding matrix indica-
tor to a sending end device, so that the sending end device
determines a third precoding matrix according to the first
precoding matrix indicator, the second precoding matrix indi-
cator, and an obtained R1, and precodes data to be transmitted
using the third precoding matrix,

wherein the third precoding matrix is a function of a first
precoding matrix and a second precoding matrix, the first
precoding matrix has a block diagonal structure, each block is
a Hermitian matrix, the first precoding matrix is identified by
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2

the first precoding matrix indicator, and the second precoding
matrix is identified by the second precoding matrix indicator.

In another aspect, an embodiment of the present invention
provides a method for multi-antenna transmission, including:

receiving, by a sending end device, a first precoding matrix
indicator and a second precoding matrix indicator which are
fed back by a receiving end device;

determining, by the sending end device, a third precoding
matrix according to the first precoding matrix indicator, the
second precoding matrix indicator, and an obtained RI,
wherein the third precoding matrix is a function of a first
precoding matrix and a second precoding matrix, the first
precoding matrix has a block diagonal structure, each block is
a Hermitian matrix, the first precoding matrix is identified by
the first precoding matrix indicator, and the second precoding
matrix is identified by the second precoding matrix indicator;
and

precoding, by the sending end device, data to be transmit-
ted using the third precoding matrix.

In another aspect, an embodiment of the present invention
provides an apparatus for multi-antenna transmission, includ-
ing:

a selecting unit, configured to select a first precoding
matrix indicator and a second precoding matrix indicator; and

a feedback unit, configured to feed back the first precoding
matrix indicator and the second precoding matrix indicator to
a sending end device, so that the sending end device deter-
mines a third precoding matrix according to the first precod-
ing matrix indicator, the second precoding matrix indicator,
and an obtained RI, and precodes data to be transmitted using
the third precoding matrix,

wherein the third precoding matrix is a function of a first
precoding matrix and a second precoding matrix, the first
precoding matrix has a block diagonal structure, each block is
a Hermitian matrix, the first precoding matrix is identified by
the first precoding matrix indicator, and the second precoding
matrix is identified by the second precoding matrix indicator.

In another aspect, an embodiment of the present invention
provides an apparatus for multi-antenna transmission, includ-
ing:

a receiving unit, configured to receive a first precoding
matrix indicator and a second precoding matrix indicator
which are fed back by a receiving end device;

a determining unit, configured to determine a third precod-
ing matrix according to the first precoding matrix indicator,
the second precoding matrix indicator, and an obtained RI,
wherein the third precoding matrix is a function of a first
precoding matrix and a second precoding matrix, the first
precoding matrix has a block diagonal structure, each block is
a Hermitian matrix, the first precoding matrix is identified by
the first precoding matrix indicator, and the second precoding
matrix is identified by the second precoding matrix indicator;
and

a processing unit, configured to precode data to be trans-
mitted using the third precoding matrix.

In another aspect, an embodiment of the present invention
provides a system for multi-antenna transmission, including:

a receiving end device, configured to select a first precod-
ing matrix indicator and a second precoding matrix indicator
and feed back the first precoding matrix indicator and the
second precoding matrix indicator; and

a sending end device, configured to receive the first pre-
coding matrix indicator and the second precoding matrix
indicator which are fed back by the receiving end device,
determine a third precoding matrix according to the first
precoding matrix indicator, the second precoding matrix indi-
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cator, and an obtained RI, and precode data to be transmitted
using the third precoding matrix,

wherein the third precoding matrix is a function of a first
precoding matrix and a second precoding matrix, the first
precoding matrix has a block diagonal structure, each block is
a Hermitian matrix, the first precoding matrix is identified by
the first precoding matrix indicator, and the second precoding
matrix is identified by the second precoding matrix indicator.

It can be seen from the above-mentioned technical solu-
tions that, in the embodiments of the present invention, since
the third precoding matrix is a function of the first precoding
matrix and the second precoding matrix, the first precoding
matrix has a block diagonal structure and sub-matrices cor-
responding to two blocks are Hermitian matrices, the above-
mentioned third precoding matrix is enabled to match with a
transmit spatial autocorrelation matrix of a cross-polarized
antenna or a distributed antenna, thereby enhancing precod-
ing performance and improving system throughput effec-
tively.

BRIEF DESCRIPTION OF THE DRAWINGS

To illustrate technical solutions in the embodiments of the
present invention or in the prior art more clearly, a brief
introduction on the accompanying drawings which are
needed in the description of the embodiments or the prior art
is given below. Apparently, the accompanying drawings in the
description below are merely some of the embodiments of the
present invention, based on which other drawings can be
obtained by the persons of ordinary skill in the art without any
creative effort.

FIG. 1 is a schematic flowchart of a method for multi-
antenna transmission provided by an embodiment of the
present invention;

FIG. 2 is a schematic flowchart of a method for multi-
antenna transmission provided by another embodiment of the
present invention;

FIG. 3 is a schematic diagram of a structure of an apparatus
for multi-antenna transmission provided by another embodi-
ment of the present invention;

FIG. 4 is a schematic diagram of a structure of an apparatus
for multi-antenna transmission provided by another embodi-
ment of the present invention; and

FIG. 5 is a schematic diagram of a structure of a system for
multi-antenna transmission provided by another embodiment
of the present invention.

EMBODIMENTS OF THE INVENTION

To make objectives, technical solutions and advantages of
embodiments of the present invention clearer, a clear and
complete description of technical solutions of the embodi-
ments of the present invention will be given below, in com-
bination with the accompanying drawings in the embodi-
ments of the present invention. Apparently, the embodiments
described below are a part, but not all, of the embodiments of
the present invention. All of other embodiments, obtained by
those skilled in the art based on the embodiments of the
present invention without any inventive efforts, fall into the
protection scope of the present invention.

FIG. 1 is a schematic flowchart of a method for multi-
antenna transmission provided by an embodiment of the
present invention. As shown in FIG. 1, the method for multi-
antenna transmission of the present embodiment may
include:

101. a receiving end device selects a first precoding matrix
indicator and a second precoding matrix indicator; and
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102. the receiving end device feeds back the first precoding
matrix indicator and the second precoding matrix indicator to
a sending end device, so that the sending end device deter-
mines a third precoding matrix according to the first precod-
ing matrix indicator, the second precoding matrix indicator,
and an obtained RI, and precodes data to be transmitted using
the third precoding matrix.

The third precoding matrix is a function of a first precoding
matrix and a second precoding matrix, for example, the third
precoding matrix is a product of the first precoding matrix and
the second precoding matrix. The first precoding matrix has a
block diagonal structure, and each block is a Hermitian
matrix. The first precoding matrix is identified by the first
precoding matrix indicator, and the second precoding matrix
is identified by the second precoding matrix indicator.

For example, for a 4-transmit-antenna configuration, a
block sub-matrix of the first precoding matrix is R1, and
another block sub-matrix of the first precoding matrix is R2,
wherein

S R2=1
e 1

The first precoding matrix has a block diagonal structure,
enabling a precoding matrix to match with a transmit spatial
autocorrelation matrix of a distributed antenna or a large-
spacing cross-polarized antenna, thereby obtaining better
precoding performance.

Alternatively, values of 6-2ksx or values of ¢—2km are
uniformly quantized from

ks ks
——to +—,
N N

kisaninteger and N is a positive integer, namely 1, 2, 3, 4, and
so on, which may effectively cover a quantization space or
reduce a quantization range, thereby reducing feedback over-
head.

Alternatively, a value of 0 is different from a value of ¢,
which may be suitable to a transmit spatial correlation matrix
of a large-spacing cross-polarized antenna or a distributed
antenna, and can enhance precoding performance, thereby
improving system throughput.

Alternatively, a value of 6 may also be the same as a value
of ¢, which may be suitable to a transmit spatial correlation
matrix of a small-spacing cross-polarized antenna or a co-
located antenna, and can enhance precoding performance,
thereby improving system throughput.

Alternatively, the third precoding matrix determined in the
present embodiment may be a matrix obtained by orthonor-
malizing a product of the first precoding matrix and the sec-
ond precoding matrix, which can avoid inter-layer interfer-
ence as possible.

Alternatively, the third precoding matrix determined in the
present embodiment may be is a matrix obtained by multi-
plying a matrix which is obtained by orthonormalizing a
product of the first precoding matrix and the second precod-
ing matrix by a factor, for example, the factor may be r/?,
wherein a value of r is the RI, which can realize that the same
power of each layer after precoding and ensure a constant
total transmit power.

To make the method provided by the embodiment of the
present invention clearer, 4 transmit antennae are taken as an



US 9,252,992 B2

5

example below. The PMIs corresponding to the first precod-
ing matrix and the second precoding matrix may be written as
i, and i, respectively, the first precoding matrix may be writ-
ten as R, , a sub-matrix corresponding to a block of R, is
written as R, ; , a sub-matrix corresponding to another block
ofR, ,iswrittenas R, ; , and the second precoding matrix may
be written as Wiz(’). The orthonormalized third precoding
matrix may be written as Fil,iz(’), which may be expressed as
follows:

F®

0, = norm(R; Wi, Ry, = diag{Ry;, . Ra, %

ip >
-jo oi®

1 e 1
s Ry =
i e 1

e 1

Ry =

Wiz(’); may be a precoding matrix in any codebook in the
prior art, the detailed contents of which may be referred
to relevant contents in the prior art.

Alternatively, to further realize the same power of each
layer after precoding and ensure a constant total transmit
power, the orthonormalized Fil,iz(’), may be further expressed
as follows:

1
PO, = Znom(R; , W),

ilin iy

In the present embodiment, since the third precoding
matrix is a function of the first precoding matrix and the
second precoding matrix, the first precoding matrix has a
block diagonal structure and sub-matrices corresponding to
two blocks are Hermitian matrices, the above-mentioned
third precoding matrix is enabled to match with a transmit
spatial autocorrelation matrix of a cross-polarized antenna or
a distributed antenna, thereby enhancing precoding perfor-
mance and improving system throughput effectively.

FIG. 2 is a schematic flowchart of a method for multi-
antenna transmission provided by another embodiment of the
present invention. As shown in FIG. 2, the method for multi-
antenna transmission of the present embodiment may
include:

201. a sending end device receives a first precoding matrix
indicator and a second precoding matrix indicator which are
fed back by a receiving end device;

202. the sending end device determines a third precoding
matrix according to the first precoding matrix indicator, the
second precoding matrix indicator, and an obtained RI,

wherein the third precoding matrix is a function of a first
precoding matrix and a second precoding matrix, for
example, the third precoding matrix is a product of the first
precoding matrix and the second precoding matrix, the first
precoding matrix has a block diagonal structure, each block is
a Hermitian matrix, the first precoding matrix is identified by
the first precoding matrix indicator, and the second precoding
matrix is identified by the second precoding matrix indicator;
and

203. the sending end device precodes data to be transmitted
using the third precoding matrix.

For example, for a 4-transmit-antenna configuration, a
block sub-matrix of the first precoding matrix is R1, and
another block sub-matrix of the first precoding matrix is R2,
wherein
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The first precoding matrix has a block diagonal structure,
enabling a precoding matrix to match with a transmit spatial
autocorrelation matrix of a distributed antenna or a large-
spacing cross-polarized antenna, thereby obtaining better
precoding performance.

Alternatively, values of 6-2ksx or values of ¢—2km are
uniformly quantized from

kisaninteger and N is a positive integer, namely 1, 2, 3, 4, and
so on, which may effectively cover a quantization space or
reduce a quantization range, thereby reducing feedback over-
head.

Alternatively, a value of 0 is different from a value of ¢,
which may be suitable to a transmit spatial correlation matrix
of a large-spacing cross-polarized antenna or a distributed
antenna, and can enhance precoding performance, thereby
improving system throughput.

Alternatively, a value of 6 may also be the same as a value
of ¢, which may be suitable to a transmit spatial correlation
matrix of a small-spacing cross-polarized antenna or a co-
located antenna, and can enhance precoding performance,
thereby improving system throughput.

Alternatively, the third precoding matrix determined in the
present embodiment may be a matrix obtained by orthonor-
malizing a product of the first precoding matrix and the sec-
ond precoding matrix, which can avoid inter-layer interfer-
ence as possible.

Alternatively, the third precoding matrix determined in the
present embodiment may be is a matrix obtained by multi-
plying a matrix which is obtained by orthonormalizing a
product of the first precoding matrix and the second precod-
ing matrix by a factor, for example, the factor may be

wherein a value of r is the RI, which can realize the same
power of each layer after precoding and ensure a constant
total transmit power.

To make the method provided by the embodiment of the
present invention clearer, relevant contents may be referred to
those of the example of 4-transmit-antenna in the embodi-
ment corresponding to FIG. 1.

In the present embodiment, since the third precoding
matrix is a function of the first precoding matrix and the
second precoding matrix, the first precoding matrix has a
block diagonal structure and sub-matrices corresponding to
two blocks are Hermitian matrices, the above-mentioned
third precoding matrix is enabled to match with a transmit
spatial autocorrelation matrix of a cross-polarized antenna or
a distributed antenna, thereby enhancing precoding perfor-
mance and improving system throughput effectively.

It should be appreciated that technical solutions of the
present invention may be applied to various kinds of commu-
nication systems, for example, a long term evolution (Long
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Term Evolution, LTE for short) system, a long term evolution
advanced (Long Term Evolution Advanced, LTE-A for short)
system and so on.

A sending end device may be a UE in the LTE system or the
LTE-A system; accordingly, a receiving end device may be an
eNB or a relay node in the LTE system or the LTE-A system.
A sending end device may also be an eNB in the LTE system
or the LTE-A system; accordingly, a receiving end device
may also be a UE or a relay node in the LTE system or the
LTE-A system. A sending end device may be a relay node in
the LTE system or the LTE-A system; accordingly, a receiv-
ing end device may be an eNB or a UE in the LTE system or
the LTE-A system. The embodiments ofthe present invention
set no limitation to the sending end device or the receiving end
device.

It should be noted that, in order to make the description
simple, the preceding respective method embodiments are
described as combinations of a series of acts, while it should
be known to those skilled in the art that the present invention
is not limited by the order of acts, as some steps, according to
the present invention, may be executed in other orders or
concurrently. In addition, it should be also known to those
skilled in the art that the embodiments described in the
description are preferable ones, and the involved acts and
modules thereof are not necessarily essential in the present
invention.

In the above-mentioned embodiments, the descriptions of
the respective embodiments have different emphases. The
parts which are not described in detail in one embodiment
may be referred to relevant description of other embodiments.

FIG. 3 is a schematic diagram of a structure of an apparatus
for multi-antenna transmission provided by another embodi-
ment of the present invention. As shown in FIG. 3, the appa-
ratus for multi-antenna transmission of the present embodi-
ment may include a selecting unit 31 and a feedback unit 32.
The selecting unit 31 is configured to select a first precoding
matrix indicator and a second precoding matrix indicator; and
the feedback unit 32 is configured to feed back the first pre-
coding matrix indicator and the second precoding matrix
indicator to a sending end device, so that the sending end
device determines a third precoding matrix according to the
first precoding matrix indicator, the second precoding matrix
indicator, and an obtained RI, and precodes data to be trans-
mitted using the third precoding matrix.

The third precoding matrix is a function of a first precoding
matrix and a second precoding matrix, the first precoding
matrix has a block diagonal structure, each block is a Hermi-
tian matrix, the first precoding matrix is identified by the first
precoding matrix indicator, and the second precoding matrix
is identified by the second precoding matrix indicator.

Functions of the receiving end device in the embodiment
corresponding to FIG. 1 are implemented by the apparatus for
multi-antenna transmission provided by the present embodi-
ment.

A sub-matrix corresponding to a block of the first precod-
ing matrix identified by the first precoding matrix indicator
selected by the selecting unit 31 is R1, and a sub-matrix
corresponding to another block of the first precoding matrix
31is R2,

wherein

10

15

35

40

45

50

55

60

65

8

The first precoding matrix has a block diagonal structure,
enabling a precoding matrix to match with a transmit spatial
autocorrelation matrix of a distributed antenna or a large-
spacing cross-polarized antenna, thereby obtaining better
precoding performance.

Alternatively, in the sub-matrix R1 corresponding to a
block of the first precoding matrix identified by the first
precoding matrix indicator selected by the selecting unit 31,
values of 0-2km or values of ¢—-2km are uniformly quantized
from

k is an integer and N is a positive integer, which may effec-
tively cover a quantization space or reduce a quantization
range, thereby reducing feedback overhead.

Alternatively, a value of the 0 in the sub-matrix R1 corre-
sponding to a block of the first precoding matrix identified by
the first precoding matrix indicator selected by the selecting
unit 31 is the same as a value of the ¢, which may be suitable
to a transmit spatial correlation matrix of a small-spacing
cross-polarized antenna or a co-located antenna, and can
enhance precoding performance, thereby improving system
throughput.

In the present embodiment, since the third precoding
matrix is a function of the first precoding matrix and the
second precoding matrix, the first precoding matrix has a
block diagonal structure and sub-matrices corresponding to
two block are Hermitian matrices, the above-mentioned third
precoding matrix is enabled to match with a transmit spatial
autocorrelation matrix of a cross-polarized antenna or a dis-
tributed antenna, thereby enhancing precoding performance
and improving system throughput effectively.

FIG. 4 is a schematic diagram of a structure of an apparatus
for multi-antenna transmission provided by another embodi-
ment of the present invention. As shown in FIG. 4, the appa-
ratus for multi-antenna transmission of the present embodi-
ment may include a receiving unit 41, a determining unit 42
and a processing unit 43. The receiving unit 41 is configured
to receive a first precoding matrix indicator and a second
precoding matrix indicator which are fed back by a receiving
end device; the determining unit 42 is configured to determine
a third precoding matrix according to the first precoding
matrix indicator, the second precoding matrix indicator, and
an obtained RI; and the processing unit 43 is configured to
precode data to be transmitted using the third precoding
matrix.

The third precoding matrix is a function of a first precoding
matrix and a second precoding matrix, the first precoding
matrix has a block diagonal structure, each block is a Hermi-
tian matrix, the first precoding matrix is identified by the first
precoding matrix indicator, and the second precoding matrix
is identified by the second precoding matrix indicator.

Functions of the sending end device in the embodiment
corresponding to FI1G. 2 are implemented by the apparatus for
multi-antenna transmission provided by the present embodi-
ment.

A sub-matrix corresponding to a block of the first precod-
ing matrix identified by the first precoding matrix indicator
received by the receiving unit 41 is R1, and a sub-matrix
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corresponding to another block of'the first precoding matrix is
R2,
wherein

The first precoding matrix has a block diagonal structure,
enabling a precoding matrix to match with a transmit spatial
autocorrelation matrix of a distributed antenna or a large-
spacing cross-polarized antenna, thereby obtaining better
precoding performance.

Alternatively, in the sub-matrix R1 corresponding to a
block of the first precoding matrix identified by the first
precoding matrix indicator received by the receiving unit 41,
values of 0-2km or values of -2k are uniformly quantized
from

-—to +—,
N N

k is an integer and N is a positive integer, which may effec-
tively cover a quantization space or reduce a quantization
range, thereby reducing feedback overhead.

Alternatively, a value of 0 in the sub-matrix R1 correspond-
ing to a block of the first precoding matrix identified by the
first precoding matrix indicator received by the receiving unit
41 is the same as a value of ¢, which is applicable to a transmit
spatial correlation matrix of a small-spacing cross-polarized
antenna or a co-located antenna, and can enhance precoding
performance, thereby improving system throughput.

Specifically, the third precoding matrix, determined by the
determining unit 42 in the present embodiment according to
the first precoding matrix indicator, the second precoding
matrix indicator, and the obtained RI, may be a product of the
first precoding matrix and the second precoding matrix; or
may also be a matrix obtained by orthonormalizing a product
of'the first precoding matrix and the second precoding matrix;
or may also be a matrix obtained by multiplying a matrix
which is obtained by orthonormalizing a product of the first
precoding matrix and the second precoding matrix by a factor.

In the present embodiment, since the third precoding
matrix determined by the determining unit 42 is a function of
the first precoding matrix and the second precoding matrix,
the first precoding matrix having a block diagonal structure
and sub-matrices corresponding to two blocks being Hermi-
tian matrices, the above-mentioned third precoding matrix is
enabled to match with a transmit spatial autocorrelation
matrix of a cross-polarized antenna or a distributed antenna,
thereby enhancing precoding performance and improving
system throughput effectively.

FIG. 5 is a schematic diagram of a structure of a system for
multi-antenna transmission provided by another embodiment
of the present invention. As shown in FIG. 5, the system for
multi-antenna transmission of the present embodiment may
include a receiving end device 51 and a sending end device
52. The receiving end device 51 is configured to select a first
precoding matrix indicator and a second precoding matrix
indicator and feed back the first precoding matrix indicator
and the second precoding matrix indicator; and the sending
end device 52 is configured to receive the first precoding
matrix indicator and the second precoding matrix indicator
which are fed back by the receiving end device 51, determine
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a third precoding matrix according to the first precoding
matrix indicator, the second precoding matrix indicator, and
an obtained RI, and precode data to be transmitted using the
third precoding matrix.

The third precoding matrix is a function of a first precoding
matrix and a second precoding matrix, the first precoding
matrix has a block diagonal structure, each block is a Hermi-
tian matrix, the first precoding matrix is identified by the first
precoding matrix indicator, and the second precoding matrix
is identified by the second precoding matrix indicator.

Functions of the receiving end device in the embodiment
corresponding to FIG. 1 are implemented by the receiving
end device 51 in the system for multi-antenna transmission
provided by the present embodiment; and functions of the
sending end device in the embodiment corresponding to FIG.
2 are implemented by the sending end device 52 in the system
for multi-antenna transmission provided by the present
embodiment.

A sub-matrix corresponding to a block of the first precod-
ing matrix identified by the first precoding matrix indicator
received by the sending end device 52 is R1, and a sub-matrix
corresponding to another block of the first precoding matrix is
R2,

wherein

The first precoding matrix has a block diagonal structure,
enabling a precoding matrix to match with a transmit spatial
autocorrelation matrix of a distributed antenna or a large-
spacing cross-polarized antenna, thereby obtaining better
precoding performance.

Alternatively, in the sub-matrix R1 corresponding to a
block of the first precoding matrix identified by the first
precoding matrix indicator received by the sending end
device 52, values of 6-2km or values of ¢-2km are uniformly
quantized from

ks ks
——to +—,
N N

k is an integer and N is a positive integer, which may effec-
tively cover a quantization space or reduce a quantization
range, thereby reducing feedback overhead.

Alternatively, a value of 0 in the sub-matrix R1 correspond-
ing to a block of the first precoding matrix identified by the
first precoding matrix indicator received by the sending end
device 52 is the same as a value of ¢, which is applicable to a
transmit spatial correlation matrix of a small-spacing cross-
polarized antenna or a co-located antenna, and can enhance
precoding performance, thereby improving system through-
put.

Specifically, the third precoding matrix, determined by the
sending end device according to the first precoding matrix
indicator, the second precoding matrix indicator, and the
obtained RI, may be a product of the first precoding matrix
and the second precoding matrix; or may also be a matrix
obtained by orthonormalizing a product of the first precoding
matrix and the second precoding matrix; or may also be a
matrix obtained by multiplying a matrix which is obtained by
orthonormalizing a product of the first precoding matrix and
the second precoding matrix by a factor.
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In the present embodiment, since the third precoding
matrix determined by the sending end device is a function of
the first precoding matrix and the second precoding matrix,
the first precoding matrix has a block diagonal structure and
sub-matrices corresponding to two blocks are Hermitian
matrices, the above-mentioned third precoding matrix is
enabled to match with a transmit spatial autocorrelation
matrix of a cross-polarized antenna or a distributed antenna,
thereby enhancing precoding performance and improving
system throughput effectively.

It may be understood clearly for those skilled in the art that,
for convenience and simplicity of the description, specific
work processes of the above-mentioned system, apparatus
and units may be referred to the corresponding processes in
the preceding embodiments of a method, and will not be
described redundantly herein.

It should be appreciated that, in some embodiments pro-
vided by the present application, the disclosed system, appa-
ratus and methods may be implemented in other manners. For
example, the apparatus embodiments described above are just
illustrative. For example, the division of units is just a division
of'logical functions, and there may be other division manners
for practical implementations. For example, multiple units or
components may be combined or integrated into another sys-
tem, or some features may be ignored or may not be per-
formed. At another point, the displayed or discussed mutual
coupling or direct coupling or communication link may be
indirect coupling or communication link through some inter-
faces, devices or units, which may be in an electrical form, a
mechanical form or other forms.

The units described as separated parts may be or may not be
physically separated, and the parts displayed as units may be
or may not be physical units, which may be located in one
place or distributed to multiple network elements. Part or all
units therein may be selected to implement the objectives of
solutions of the present embodiments according to the actual
demands.

In addition, in the respective embodiments of the present
invention, various functional units may be integrated into one
processing unit, or each unit may separately exist physically,
or two or more units may be integrated into one unit. The
above-mentioned integrated unit may be implemented in a
form of hardware, or may also be implemented in a form of
hardware plus software function unit.

The integrated unit implemented in a form of software
functional unit may be stored in a computer readable storage
medium. The above-mentioned software functional unit
stored in a storage medium includes some instructions that
enable computer equipment (may be a personal computer, a
server, or network equipment) to execute part of steps of the
methods described in the respective embodiments of the
present invention. The preceding storage medium includes
various kinds of medium that may store program codes, such
as a U disk, a removable hard disk, a read-only memory
(Read-Only Memory, ROM for short), a random access
memory (Random Access Memory, RAM for short), a mag-
netic disk, an optical disk, or the like.

In the end, it should be noted that the preceding embodi-
ments are only used to illustrate the technical solutions of the
present invention rather than limiting the present invention;
though the present invention is illustrated in detail by refer-
ring to the preceding embodiments, it should be understood
by those of ordinary skill in the art that modifications may still
be made on the technical solutions disclosed in the preceding
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respective embodiments, or equivalent alterations may be
made to a part of technical characteristics thereof; and these
modifications or alterations do not make the nature of corre-
sponding technical solutions departure from the spirit and
scope of the technical solutions of the respective embodi-
ments of the present invention.

What is claimed is:

1. A method for multi-antenna transmission, comprising:

selecting, by a receiving end device, a first precoding
matrix indicator which identifies a first precoding matrix
having a block diagonal structure in which each block is
a Hermitian matrix and a second precoding matrix indi-
cator; and

feeding back, by the receiving end device, the first precod-
ing matrix indicator and the second precoding matrix
indicator to a sending end device, so that the sending end
device determines a third precoding matrix according to
the first precoding matrix indicator, the second precod-
ing matrix indicator, and an obtained rank indicator (RI),
and precodes data to be transmitted using the third pre-
coding matrix,

wherein the third precoding matrix is a function of the first
precoding matrix and a second precoding matrix, and the
second precoding matrix is identified by the second pre-
coding matrix indicator, and a sub-matrix corresponding
to a block of the first precoding matrix is R1, and a
sub-matrix corresponding to another block of the first
precoding matrix is R2,

wherein

where 0 and ¢ represent angular values, where 8-2kr and
¢-2ks are uniformly quantized between

where k is an integer and N is a positive non-zero integer.

2. The method according to claim 1, wherein a value of the
0 is the same as a value of the ¢.

3. The method according to claim 1, wherein that the third
precoding matrix is a function of a first precoding matrix and
a second precoding matrix comprises:

the third precoding matrix is a product of the first precoding

matrix and the second precoding matrix.

4. The method according to claim 1, wherein that the third
precoding matrix is a function of a first precoding matrix and
a second precoding matrix comprises:

the third precoding matrix is a matrix obtained by orthonor-

malizing a product of the first precoding matrix and the
second precoding matrix.

5. The method according to claim 1, wherein that the third
precoding matrix is a function of a first precoding matrix and
a second precoding matrix comprises:

the third precoding matrix is a matrix obtained by multi-

plying a matrix which is obtained by orthonormalizing a
product of the first precoding matrix and the second
precoding matrix by a factor.
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6. A method for multi-antenna transmission, comprising:

receiving, by a sending end device, a first precoding matrix
indicator and a second precoding matrix indicator which
are fed back by a receiving end device;

determining, by the sending end device, a third precoding
matrix according to the first precoding matrix indicator,
the second precoding matrix indicator, and an obtained
rank indicator (RI), wherein the third precoding matrix
is a function of a first precoding matrix and a second
precoding matrix, the first precoding matrix has a block
diagonal structure, each block is a Hermitian matrix, the
first precoding matrix is identified by the first precoding
matrix indicator, and the second precoding matrix is
identified by the second precoding matrix indicator; and

precoding, by the sending end device, data to be transmit-
ted using the third precoding matrix, a sub-matrix cor-
responding to a block of the first precoding matrix is R1,
and a sub-matrix corresponding to another block of the
first precoding matrix is R2,

wherein

where 0 and ¢ represent angular values, where 62k and
¢—-2ks are uniformly quantized between

——to +—,
N N

wherek is an integer and N is a positive non-zero integer.

7. The method according to claim 6, wherein a value of the
0 is the same as a value of the ¢.

8. The method according to claim 6, wherein that the third
precoding matrix is a function of a first precoding matrix and
a second precoding matrix comprises:

the third precoding matrix is a product of the first precoding

matrix and the second precoding matrix.

9. The method according to claim 6, wherein that the third
precoding matrix is a function of a first precoding matrix and
a second precoding matrix comprises:

the third precoding matrix is a matrix obtained by orthonor-

malizing a product of the first precoding matrix and the
second precoding matrix.

10. The method according to claim 6, wherein that the third
precoding matrix is a function of a first precoding matrix and
a second precoding matrix comprises:

the third precoding matrix is a matrix obtained by multi-

plying a matrix which is obtained by orthonormalizing a
product of the first precoding matrix and the second
precoding matrix by a factor.

11. An apparatus for multi-antenna transmission, compris-
ing:

a processor configured to select a first precoding matrix

indicator which identifies a first precoding matrix hav-
ing a block diagonal structure in which each block is a
Hermitian matrix and a second precoding matrix indi-
cator which identifies a second precoding matrix,
wherein a sub-matrix corresponds to a block of the first
precoding matrix identified by the first precoding matrix
indicator selected by the processor is R1, and a sub-
matrix corresponds to another block of the first precod-
ing matrix is R2,
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wherein

where 0 and ¢ represent angular values, where 6—2km and
¢-2ks are uniformly quantized between

ks ks
——to +—,
N N

where k is an integer and N is a positive non-zero integer;
and

a transmitter configured to feed back the first precoding
matrix indicator and the second precoding matrix indi-
cator to a sending end device, so that the sending end
device determines a third precoding matrix according to
the first precoding matrix indicator, the second precod-
ing matrix indicator, and an obtained rank indicator (RI),
and precodes data to be transmitted using the third pre-
coding matrix,

wherein the first precoding matrix and the second precod-
ing matrix are used for determining the third precoding
matrix which is a function of the first precoding matrix
and the second precoding matrix.

12. The apparatus according to claim 11, wherein a value of

3o the 0 is the same as a value of the ¢.
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13. An apparatus for multi-antenna transmission, compris-

ing:

a receiver configured to receive a first precoding matrix
indicator and a second precoding matrix indicator which
are fed back by a receiving end device;

a processor configured to determine a third precoding
matrix according to the first precoding matrix indicator,
the second precoding matrix indicator, and an obtained
rank indicator (RI), wherein the third precoding matrix
is a function of a first precoding matrix and a second
precoding matrix, the first precoding matrix has a block
diagonal structure, each block is a Hermitian matrix, the
first precoding matrix is identified by the first precoding
matrix indicator, and the second precoding matrix is
identified by the second precoding matrix indicator,
wherein the processor is further configured to precode
data to be transmitted using the third precoding matrix,
and a sub-matrix corresponding to a block of the first
precoding matrix identified by the first precoding matrix
indicator received by the receiver is R1, and a sub-matrix
corresponding to another block of the first precoding
matrix is R2,

wherein

where 0 and ¢ represent angular values, where 6—2km and
¢-2ks are uniformly quantized between

ks ks
——to +—,
N N

wherek is an integer and N is a positive non-zero integer.
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14. The apparatus according to claim 13, wherein a value of
the 0 is the same as a value of the ¢.

15. The apparatus according to claim 13, wherein the pro-
cessor is configured to determine the third precoding matrix
according to the first precoding matrix indicator, the second
precoding matrix indicator, and the obtained RI, wherein the
third precoding matrix is a product of the first precoding
matrix and the second precoding matrix.

16. The apparatus according to claim 13, wherein the pro-
cessor is configured to determine the third precoding matrix
according to the first precoding matrix indicator, the second
precoding matrix indicator, and the obtained RI, wherein the
third precoding matrix is a matrix obtained by orthonormal-
izing a product of the first precoding matrix and the second
precoding matrix.
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